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ABSTRACT cation of the aboveground and especially the below-
ground C fluxes in SRWC systems.Agricultural lands may be used to produce short-rotation woody

Residues from SRWCs can affect soils differentlycrops (SRWCs) for fuel or fiber, but the effects of SRWCs on soils
are poorly understood. In this study, a SRWC was integrated with from residues from annual row crops. A major source
an annual row crop system in a row crop–SRWC–row crop rotation. of litter in a SRWC system is the turnover of fine roots
The objective was to document the effects of the woody crop on soil (Friend et al., 1991). However, the effects of root decom-
total C, N, inorganic N, and aggregate stability after the site was position on an undisturbed soil environment are difficult
returned to row crop production. Soybean [Glycine max (L.) Merr.] to quantify (Waird, 1974; Urquiaga et al., 1998). The
was followed by 4- and 5-yr rotations of American sycamore (Platanus woody root residues from SRWCs have a high C/N ratio
occidentalis L.), followed by no-till corn (Zea mays L.) (SY4C and

and therefore have the potential to cause immobiliza-SY5C, respectively). Continuous row crops (soybean converted to
tion of N during the microbial decomposition process.corn) served as a control (SBC). Four rates of broadcast NH4NO3
An increase in root N concentration, likely due to micro-were applied to corn. The study was in southwestern Tennessee on a
bial immobilization, was reported during decompositionMemphis-Loring silt loam intergrade (fine-silty, mixed, active, thermic

Typic Hapludalfs–fine-silty, mixed, active, thermic Oxyaquic Fragiu- of fine tree roots (Arunachalam et al., 1996). Nitrogen
dalfs). During 3 yr of post-sycamore corn production, increases in soil immobilization after the addition of high C/N plant resi-
total C concentration below a 2.5-cm depth were attributed to the dues to agricultural soils is well documented (Schom-
sycamore crop. After fertilization of first-year corn at 73 and 146 kg berg et al., 1994), and the addition of woody residues
N ha�1, soil inorganic N concentrations were lower in the SY4C than to agricultural soils also has been shown to cause signifi-
the SBC system from 0 to 2.5 cm. Mean weight diameter (MWD) of cant N immobilization (Beauchemin et al., 1990; N’daye-
water-stable soil aggregates at depths of 2.5 to 15 cm was greater for

gamiye and Dubé, 1986; Lalande et al., 1998). The effectthe SY4C than the SBC system. Four- and 5-yr sycamore rotations
of decaying tree roots from a harvested SRWC on soilsignificantly affected chemical and physical properties of an agricul-
plant-available N is not well understood.tural soil.

Soil aggregate stability, or the ability of soil aggre-
gates to resist breakdown, is a measure of soil structure
that affects aeration, infiltration rate, and resistance toBiofuels such as herbaceous and woody biomass
erosion (Kemper and Rosenau, 1986). With a few excep-crops are a renewable alternative to fossil fuels.
tions, increased soil organic C is positively correlatedBecause the amount of land required to produce bio-
with increased aggregate stability (Tisdall and Oades,mass crops for a developed bioenergy industry would
1982). While this correlation may be due to amounts ofbe substantial, agricultural land could make up a major
organic binding agents in the soil, aggregation itself canportion of this land base (Walsh et al., 2000). Establish-
protect soil organic C from oxidation by making it lessing perennial biomass crops, such as SRWCs, which are
accessible to microbes (Van Veen and Kuikman, 1990).also used to produce wood fiber, has been shown to
Fungi play a major role in decomposition of high-Cimprove agricultural soils by lowering bulk density and
woody and herbaceous residues (Kaarik, 1974), and fun-reducing sediment in runoff (Thornton et al., 1998; Tol-
gal hyphae are important in the formation of soil aggre-bert et al., 1999). A limited number of studies have
gates (Beare et al., 1997; Tisdall and Oades, 1982). Inexamined the effect that converting croplands or grass-
recent years, studies have been established to investigatelands to SRWCs has on soil C (Hansen, 1993; Grigal
the effects of SRWCs on soil physical properties includ-and Berguson, 1998; Mehdi et al., 1999; Tolbert et al.,
ing aggregate stability (Thornton et al., 1998; Tolbert2000). However, there is still a need for further quantifi-
et al., 1999; Bandaranayake et al., 1996).

Although several studies have shown positive effects
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The 16 plots consisted of four randomly assigned replicationswould result from the SRWC. This study examines such
of the four N fertilization rates (Fig. 1). When the first set ofa sequence, focusing on the conversion of a site from a
post-sycamore plots (SY4C) was established in April 1999, awoody biomass crop back to a row crop system. Prelimi-
set of 16 plots was also established on the adjacent SBC treat-nary results were reported by Devine et al. (2002a,b).
ment that had been in no-till soybean through 1998. AfterThe objective of the study was to document the residual
plots were designated, corn was planted over the sycamoreeffects of a sycamore biomass crop on soil total C, N, stumps and lime was applied at a rate of 4.5 Mg ha�1. Planting

inorganic N, and aggregate stability after the site was dates were 12 Apr. 1999, 21 Apr. 2000, and 30 Apr. 2001.
converted to a no-till corn system. Ammonium nitrate was broadcast on 3 May 1999, 4 May 2000,

and 30 May 2001. Corn grain was harvested 2 Sept. 1999, 15
Sept. 2000, and 25 Sept. 2001. The SY4C and SBC croppingMATERIALS AND METHODS
systems remained in corn for 3 yr (1999-2001), while the SY5C

The study began in 1995 on the Ames Plantation in Fayette system was in corn for 2 yr (2000-2001).
County, located in southwestern Tennessee (35� 08� N, 89� Soil samples for chemical analysis were collected 22 Apr.,
13� W). Soils were a Memphis-Loring silt loam intergrade, 16 June, and 1 Dec. 1999 in the SY4C and SBC systems and
formed in aeolian loess. Soil pH was 6.0 to 6.5. The study was 2 May 2001 in all three systems. Abnormally dry conditions
analyzed as a completely randomized, split-plot design with prevented collection of soil samples in 2000. In 1999, April
a whole-plot factorial treatment arrangement and four replica- samples were collected 11 d before N fertilization, and June
tions. The whole-plot treatments were cropping system and samples were collected 44 d after fertilization. May 2001 sam-N fertilization rate, and the split-plot treatment was sampling ples were collected 28 d before N fertilization. Soil samplesdepth. The three cropping systems were: (i) soybean converted for chemical analyses (n � 1920) were collected from fourto sycamore in 1995 converted to corn in 1999 (SY4C), (ii)

depths (0–2.5, 2.5–7.5, 7.5–15, and 15–30 cm). Each samplesoybean converted to sycamore in 1995 converted to corn in
consisted of a composite of eight to ten soil cores (1.75-cm2000 (SY5C), and (iii) soybean converted to corn in 1999
diam.) sampled with a steel soil probe. On SBC plots, samples(SBC; control treatment). Nitrogen fertilizer, in the form of
were collected from two randomly chosen row middles. OnNH4NO3, was broadcast at four rates (0, 73, 146, and 219 kg
SY4C and SY5C plots, each sample consisted of soil coresN ha�1). No-tillage systems were used for all row crops.
collected in a circular pattern around each of two randomlyA 0.6-ha section of a soybean field was planted with
chosen stumps per plot. Two sampling circles per stump with1-yr-old American sycamore seedlings on a 1.5 by 3.0 m grid
radii of 5 and 37.5 cm were used. An exception was May 2001(2222 trees ha�1) in February 1995. Approximately 640 syca-
when plots fertilized at 146 kg N ha�1 also had cores removedmore trees were harvested in October 1998 after four growing
in circles with radii of 75 and 150 cm. For this set of samplesseasons in the field, and an equal number were harvested in
taken at four distances from the stump, distance was analyzedOctober 1999 after five growing seasons in the field (Table 1).
as an independent variable. For all other analyses, data ex-At harvest, trees were cut as close to the ground as possible
tracted from the samples taken 5 and 37.5 cm from the stumps(approximately 2 to 5 cm from the soil) with chainsaws, and
were used to represent the SY4C and SY5C systems.stumps were treated with glyphosate to prevent sprouting.

Fine organic particles (�2 mm) were not removed fromAfter both the SY4C and the SY5C sycamore harvests, the
soil samples before analyses. Soil samples were air-dried,same procedure was used to convert the site to corn produc-
ground to pass through a 250-�m sieve, and analyzed for totaltion. Wheat (Triticum aestivum L.) was planted after sycamore
C and N by the dry combustion method (Matejovic, 1997)harvest as a winter cover crop. Glyphosate [N-(phosphono-
using a LECO CNS-2000 elemental analyzer (Leco Corp., St.methyl) glycine; Roundup, Monsanto Co., St. Louis, MO] and
Joseph, MI). Due to the acidity of the soil, most, but not all,atrazine (2-chloro-4-ethylamine-6-isopropylamino-S-triazine;
soil C was assumed to be organic. During the course of theBicep II and AaTrex, Ciba-Geigy Corp, Greensboro, NC)
study, increases in soil total C were assumed to be increaseswere applied to the cover crop the following April. Sixteen
in organic C since lime was not applied after soil samplingplots, each 10.7 by 15.2 m, were then established on the site.

Each plot encompassed approximately 35 sycamore stumps. had begun. Concentrations of NO�
3 and NH�

4 were measured

Table 1. Treatment and sampling activities for soybean–corn (SBC), 4-yr sycamore–corn (SY4C), and 5-yr sycamore-corn (SY5C)
cropping sequences on a Memphis-Loring silt loam intergrade in southwestern Tennessee, 1998–2001.

Year

Activity 1998 1999 2000 2001 Notes

Harvest sycamore Oct. Oct. – – Approximately 640 trees removed in each harvest.
Plant wheat cover crop Nov. Nov. – – Cover crop used only on plots undergoing the

sycamore to corn transition (SY4C in winter
1998-1999 and SY5C in winter 1999-2000).

Establish plots for corn – Apr. Apr. – 1999 plots were for SBC and SY4C systems; 2000
plots were for SY5C.

Plant corn – 12 Apr. 21 Apr. 30 Apr. Pioneer 3335 in 1999 and 2000; Dekalb DK697 in
2001. 76.2-cm row width.

Apply herbicide to cover – 13 Apr. 10 Apr. – Glyphosate (Roundup) and atrazine (Bicep II and
crop AaTrex).

Apply lime – 14 Apr. – – All plots received rate of 4.5 Mg ha�1.
Sample soils for chemical – 22 Apr., 16 June, – 2 May SBC and SY4C systems sampled in 1999. SBC,

analyses 1 Dec. SY4C, and SY5C systems sampled in 2001.
Fertilize with NH4NO3 – 3 May 4 May 30 May Applied to plots at four rates.
Sample sycamore roots – – – 16 May SY4C and SY5C systems sampled.
Sample soils for aggregate – 16 June – – SBC and SY4C systems sampled.

stability
Harvest corn grain – 2 Sept. 15 Sept. 25 Sept.
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Table 2. Analysis of variance for treatments affecting soil total
C, N, and inorganic N (NO�

3 � NH�
4 ) concentrations for a

Memphis-Loring silt loam intergrade in southwestern Tennes-
see, May 2001.

Degrees of
Source of variation freedom Total C Total N Inorganic N

Cropping system (C) 1 NS * NS
Stump distance (S) 3 NS NS NS
C � S 3 NS NS NS
Depth (D) 3 *** *** ***
C � D 3 NS NS NS
S � D 9 NS NS NS
C � S � D 9 NS NS NS

* Significant at the 0.05 probability level.
*** Significant at the 0.001 probability level.

Data from 2001 were analyzed in a similar manner, but sepa-
rate contrasts compared the SY4C with the SBC system and
the SY5C to the SBC system. Effects of decomposition time
on root systems also were analyzed with ANOVA. A minimum
confidence level of 	 � 0.05 was used in all analyses.

RESULTS
Soil total C, N, and inorganic N concentrations were

not affected by sampling distance from sycamore stump,
nor were there interactions between distance from
stump and sampling depth or cropping system (Table 2).
Estimates and data pertaining to the sycamore stumps
and extractable roots appear in Table 3. Large differ-
ences between the 84- and 136-wk-old stump and root

Fig. 1. Plot layout for soybean–corn (SBC), 4-yr sycamore–corn residues were observed for all parameters other than C(SY4C), and 5-yr sycamore–corn (SY5C) cropping sequences.
concentration. These data were not used in conjunctionNumbers within plots indicate the rate of N (kg ha�1) applied

to corn. with the soil data to estimate C and N pools since an
undetermined fraction of the roots were extracted from

by the modified indophenol blue technique described by Sims a greater depth than the soil samples (below 30 cm).
et al. (1995), following a 1 M KCl extraction. Soil total C concentration varied significantly by depth

Soil aggregate stability samples (n � 192) were collected at every sampling date, and in April 1999 and May 200116 June 1999 from SY4C and SBC treatments. Samples were
there also was a significant cropping system � depthtaken at two randomly selected locations per plot at three
interaction (Table 4). This was due to higher concentra-depths (0–2.5, 2.5–7.5, and 7.5–15 cm). Mean weight diameter
tions of soil C at lower sampling depths for SY4C andof water-stable aggregates was determined by wet sieving after
SY5C systems compared with the SBC system (Fig. 2).samples were wetted at atmospheric pressure (Kemper and

Chepil, 1965). Sieve screen sizes were 2.0, 1.0, 0.5, and 0.25 mm. At all four sampling dates, soil C was significantly
The intact sycamore stumps and first-order roots that were greater in the sycamore cropping systems than in the

impossible to sample with a soil probe were sampled by exca- SBC system from 7.5 to 30 cm. Significant differences
vating one randomly chosen stump per plot (n � 16 for SY4C; in soil total C between cropping systems at the 0- to
n � 16 for SY5C) on 16 May 2001. A backhoe was used to 2.5-cm depth occurred in June 1999 and May 2001. In
excavate the stump as well as the soil within an approximate June 1999, SBC soil C was less than that of SY4C; in1-m radius of the stump. The depths of these excavations were

May 2001, SBC soil C was significantly greater than thatdetermined by the rooting depth and state of decomposition
of SY4C and SY5C. Nitrogen fertilization rate did notof the individual stump but were generally about 1 m. Intact
affect soil total C concentration.root and stump fragments were sorted by hand from the exca-

vated soil in the field. These fragments were cleaned, dried,
Table 3. Properties of 84-wk-old (SY5C) and 136-wk-old (SY4C)weighed, subsampled, and analyzed for total C and N concen-

extractable sycamore roots and stumps on a Memphis-Loringtration by dry combustion (Matejovic, 1995).
silt loam intergrade in southwestern Tennessee.Treatment effects on soils at each sampling date were evalu-

Cropping systemated with analysis of variance (ANOVA) using Proc Mixed
in SAS (SAS Institute, Inc., 1997). Repeated measures analysis Parameter SY5C SY4C
was not used due to within-subject variation from the uneven

C concentration, g kg�1 428.3a† 422.1aroot distribution around each stump. Mean separations were
N concentration, g kg�1 5.3a 9.3bperformed with single degree of freedom orthogonal contrasts C/N ratio 85.3:1b 48.8:1a

(Steel and Torrie, 1980). For all 1999 soils data, contrasts Estimated dry mass, Mg ha�1 4.95b 1.50a
Estimated C content, Mg ha�1 2.12b 0.63acompared effects of SY4C and SBC cropping systems at each
Estimated N content, kg ha�1 26b 14adepth interval, except for the two deepest sampling intervals.

Due to limited degrees of freedom, cropping system effects † Within each row, values followed by the same letter are not significantly
different (P 
 0.05).on the two deepest intervals were compared simultaneously.
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Table 4. Analysis of variance for treatments affecting soil total C, N, and inorganic N (NO�
3 � NH�

4 ) concentrations for a Memphis-
Loring silt loam intergrade in southwestern Tennessee.

Degrees of
Sampling date Source of variation freedom Total C Total N Inorganic N

April 1999 Cropping system (C) 1 *** *** **
N fertilization (N) 3 NS NS NS
C � N 3 NS NS NS
Depth (D) 3 *** *** ***
C � D 3 *** *** NS
N � D 9 NS NS NS
C � N � D 9 NS NS NS

June 1999 C 1 *** NS NS
N 3 NS NS ***
C � N 3 NS NS NS
D 3 *** *** ***
C � D 3 NS *** ***
N � D 9 NS * ***
C � N � D 9 NS NS NS

December 1999 C 1 *** *** NS
N 3 NS NS NS
C � N 3 NS NS NS
D 3 *** *** ***
C � D 3 NS *** ***
N � D 9 NS NS NS
C � N � D 9 NS NS NS

May 2001 C 2 NS * NS
N 3 NS NS NS
C � N 6 NS * NS
D 3 *** *** ***
C � D 6 *** *** NS
N � D 9 NS NS NS
C � N � D 18 NS NS NS

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
*** Significant at the 0.001 probability levels.

Soil total N concentration was significantly affected soil total N concentration than the SY4C system at
depths from 0 to 7.5 cm (Fig. 3). By December 1999,by sampling depth at each sampling date. There also

was a significant cropping system � depth interaction the SY4C system had higher total N than SBC from
depths of 2.5 to 30 cm. In May 2001, the SBC systemat each date. In April 1999, the SBC system had a higher

Fig. 2. Effects of soybean–corn (SBC), 4-yr sycamore–corn (SY4C), Fig. 3. Effects of soybean–corn (SBC), 4-yr sycamore–corn (SY4C),
and 5-yr sycamore–corn (SY5C) cropping sequences on soil totaland 5-yr sycamore–corn (SY5C) cropping sequences on soil total

C concentration for a Memphis-Loring silt loam intergrade in N concentration for a Memphis-Loring silt loam intergrade in
southwestern Tennessee. Four-year sycamore–corn sycamore cropssouthwestern Tennessee. Four-year sycamore–corn sycamore crops

were harvested in October 1998 and SY5C sycamore crops were were harvested in October 1998 and SY5C sycamore crops were
harvested in October 1999. Within each depth, points with differentharvested in October 1999. Within each depth, points with different

letters are significantly different (P � 0.05). letters are significantly different (P � 0.05).
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Fig. 4. Effects of soybean–corn (SBC) and 4-yr sycamore–corn
(SY4C) cropping sequences on soil inorganic N (NO�

3 � NH�
4 )

concentration for a Memphis-Loring silt loam intergrade in south-
western Tennessee, April 1999. Sycamore crops were harvested in
October 1998. Within each depth, points with different letters are Fig. 5. Effects of soybean–corn (SBC) and 4-yr sycamore-corn
significantly different (P � 0.05). (SY4C) cropping sequences on soil inorganic N (NO�

3 � NH�
4 )

concentration at four rates of N fertilization for a Memphis-Loring
silt loam intergrade in southwestern Tennessee, June 1999. Syca-had more total N than the sycamore cropping systems more crops were harvested in October 1998. Within each depth,

from 0 to 2.5 cm, but not at the lower depths. Nitrogen points with different letters are significantly different (P � 0.05).
fertilization rate did not affect soil total N, although
there were two interactions involving N fertilization. DISCUSSION
The interaction between N fertilization rate and depth

The spatial uniformity of soil C and N concentrationsthat occurred in June 1999 reflected a higher soil total
observed in 2001 indicates that the effect of the woodyN from 0 to 2.5 cm on the plots receiving 219 kg N ha�1

crop rotation on the top 30 cm of soils was evenly distrib-fertilizer (data not shown). The May 2001 interaction
uted across the site. There was no evidence that thebetween cropping treatment and N fertilization rate was

due to a low total N concentration that occurred in the
SY5C system at the fertilization rate of 73 kg N ha�1.

Before the application of N fertilizer in the first season
of corn, inorganic N was significantly greater under the
SY4C system than the SBC system (P � 0.01; Fig. 4).
At the next three (post-fertilization) sampling dates
there was no overall effect of cropping system on soil
inorganic N, although there were interactions between
cropping system and sampling depth in June and De-
cember of 1999. On these dates, SBC systems had higher
inorganic N concentrations at the 0- to 2.5-cm depth
only (Fig. 5 and 6). No differences in soil inorganic N
among cropping systems were observed in May 2001
at any sampling depth (Fig. 7). Rate of N fertilization
significantly affected soil inorganic N concentration only
at the June 1999 sampling date. There also was a signifi-
cant fertilization rate � depth interaction at this time
as N fertilization increased soil inorganic N to a greater
extent at 0 to 2.5 cm than at lower depths.

While MWD of water-stable soil aggregates did not
differ between cropping systems at a depth of 0 to 2.5 cm,
the SY4C system had a larger MWD than the SBC Fig. 6. Effects of soybean–corn (SBC) and 4-yr sycamore–corn
system at depth intervals of 2.5 to 7.5 and 7.5 to 15 cm (SY4C) cropping sequences on soil inorganic N (NO�

3 � NH�
4 )

concentration at four rates of N fertilization for a Memphis-Loring(Table 5). The difference was reflected by a greater
silt loam intergrade in southwestern Tennessee, December 1999.fraction of macroaggregates larger than 2 mm under the Sycamore crops were harvested in October 1998. Within each

SY4C system and a greater fraction of microaggregates depth, points with different letters are significantly different
(P � 0.05).(�0.25 mm) under the SBC system.
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estimated amount of N contained in extracted tree roots
was quite small, many small roots and some larger ones
were in advanced stages of decomposition and were
therefore not extractable. Decomposed roots such as
these were sampled by the soil probe and thus contrib-
uted to soil C and N concentrations.

Soil and vegetation disturbances have been suggested
to cause soil C oxidation in the first years after establish-
ment of SRWCs (Hansen, 1993; Grigal and Berguson,
1998). A study conducted in Minnesota and adjacent
states that compared hybrid poplar (Populus sp.) planta-
tions to grasslands and row crops documented net soil
C losses among 4- to 6-yr-old plantations presumably
due to the increased oxidation of organic C near the
surface of the soil (Hansen, 1993). Another study in
Minnesota found no significant change in soil C attribut-
able to poplar plantations with an average age of 7 to
8 yr (Grigal and Berguson, 1998). The significant soil
C increases associated with the SRWC in our study were
probably due in part to a relatively low initial soil total
C concentration of �8 g C kg�1 at a depth of 0 to 30 cm
(Tolbert et al., 2000). The relative loss of soil organic

Fig. 7. Effects of soybean–corn (SBC), 4-yr sycamore–corn (SY4C), matter due to disturbance was likely substantially lowerand 5-yr sycamore–corn (SY5C) cropping sequences on soil inor-
in our study than in that of Hansen (1993), where soilganic N (NO�

3 � NH�
4 ) concentration at four rates of N fertilization

for a Memphis-Loring silt loam intergrade in southwestern Tennes- C concentration was approximately 25 g C kg�1 (0- to
see, May 2001. Four-year sycamore–corn sycamore crops were 30-cm depth), and that of Grigal and Berguson (1998)
harvested in October 1998 and SY5C sycamore crops were har- where average soil C concentration was 
35 g C kg�1
vested in October 1999. Means were compared within each soil

(0- to 25-cm depth). Alternatively, the relative contribu-depth (P � 0.05).
tion of root residues to soil total C may have been higher
in our study than in the studies conducted by Hansencornrows that coincided with the tree stump rows were
(1993) and Grigal and Berguson (1998). Three studiessubject to different soil conditions than the cornrows
conducted on low-C soils (�10 g C kg�1) in the south-located between the stump rows. The uniformity of the
eastern USA found increases in soil C 3 to 4 yr aftersoil suggests that randomly located soil samples are ade-
establishment of SRWCs (Tolbert et al., 1999). Gartenquate for similar SRWC studies. In contrast, Kaur et al.
(2002) observed a significant soil C increase at a depth(2000) found that soil C and N decreased to a horizontal
of 10 to 30 cm but not at 0 to 10 cm for an 11-yr-distance of 3 m from 6-yr-old hardwoods in an agrofores-
old sweetgum (Liquidambar styraciflua L.) plantationtry system on a semiarid site in India. A higher initial
in Tennessee.concentration of soil C and N and closer tree spacing

Since the April 1999 soil C concentration at a depthin our study may explain the difference in results.
of 0 to 2.5 cm was similar for SY4C and SBC soils, theEstimates of belowground C and N pools must include
effect of 4 yr of aboveground sycamore residue on soilthe tree stumps and intact first-order roots, which unless
C concentration was no different than that of 4 yr ofsubstantially decomposed, are unlikely to be sampled
residue from a no-tillage soybean system. A significantrepresentatively by a soil probe. The three-fold differ-
litter layer did not accumulate in the sycamore planta-ence in intact belowground dry biomass between the
tion until the end of the third year after planting. By that84- and the 136-wk-old residues was clearly due in part
time there was sufficient litterfall and enough droppedto time since harvest but was also affected by the differ-
limbs to trap abscised leaves, preventing them fromences in stump size and root system development be-
being blown away during winter. The susceptibility oftween the 4- and 5-yr-old trees. The decomposition pro-
leaf litter to wind removal in this study may have beencess was considerably more advanced in the 136-wk-old
a result of the relatively small sycamore plantationroot residues than in the 84-wk-old residues. This was
within a much larger field. Wind removal would likelyevidenced by the higher N concentration and lower C/

N ratio of the 136-wk-old SY4C roots. Although the be substantially less in an operational-scale plantation.

Table 5. Mean weight diameter (MWD) and distribution among size classes of water-stable soil aggregates from soybean–corn (SBC)
and sycamore–corn (SY4C) cropping sequences on a Memphis-Loring silt loam intergrade in southwestern Tennessee, June 1999.

MWD 
2 mm 1–2 mm 0.5–1 mm 0.25–0.5 mm �0.25 mm

Depth SBC SY4C SBC SY4C SBC SY4C SBC SY4C SBC SY4C SBC SY4C

cm mm %
0–2.5 2.42a† 2.49a 44.6a 46.1a 4.9a 5.0a 6.4a 6.9a 10.1a 9.8a 35.0a 33.7a
2.5–7.5 1.13a 1.56b 17.9a 26.7b 6.1a 5.9a 7.7a 8.1a 9.9a 10.4a 59.8b 49.9a
7.5–15 0.96a 1.30b 13.8a 20.8b 6.4a 6.6a 8.9a 8.9a 10.7a 10.9a 61.1b 54.1a
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Cottonwood (Populus deltoides Bartr. ex Marsh.) plan- effects were observed in December 1999 or May 2001,
none of the N fertilization rates were excessive.tations have shown significant surface litter accumula-

tion, sufficient to affect soil hydrologic properties, in The observed increase in total N for SY4C soils rela-
tive to SBC soils during 1999 was due to both an increasetheir second growing season (Mitchell, 1997). However,

Hansen (1993) found no evidence of C accumulation in SY4C soil N and a slight decrease in SBC soil N.
The causes of these phenomena are not known. Thefrom the trapping of wind-blown detritus in plantations

of hybrid poplar (Populus sp.). The fact that most of differences in soil total N among cropping systems in
the upper 2.5 cm of soils in May 2001 are small andthe C increases observed in SY4C and SY5C soils oc-

curred at the lower soil depths (2.5 to 30 cm) indicates may have no practical significance. The effect of fertil-
ization on soil total N was expected to be minimal sincethat sycamore roots were a more important source of

soil C than aboveground residues including leaves and the amount of fertilizer N added to the system (219 kg
ha�1) was relatively small in magnitude compared withdropped limbs.

Although the soil C increases 134 wk after sycamore the estimated soil total N pool (1970 kg ha�1 from 0 to
15 cm). However, the application of 219 kg fertilizer Nharvest (SY4C vs. SBC system) occurred only between

a depth of 7.5 and 30 cm, their significance suggests that ha�1 in April 1999 significantly increased soil total N
from 0 to 2.5 cm in June 1999 (data not shown). Thisthe effect of a SRWC on soil C lasts at least 2.5 yr and

perhaps much longer. The use of a no-till system in this fertilization effect did not persist beyond the growing
season, likely due to plant uptake and other losses ofstudy after the harvest of the SRWC likely helped to

minimize oxidation of accumulated soil C. Since N fertil- fertilizer N from the sampled profile.
Higher total N concentrations for SBC than for SY4Cization rate had no effect on soil C in the SY4C system

during the first 2.5 yr after sycamore harvest, any signifi- soils at shallow depths (0 to 7.5 cm) in April 1999 suggest
greater N inputs from no-till soybean than from 4 yr ofcant effect of repeated fertilization on the microbially

mediated oxidation of sycamore roots will likely be ei- sycamore. A higher inorganic N concentration under
the SY4C system in April 1999 may have been a resultther long-term or nonexistent. Halvorson et al. (1999)

found a significant positive relationship between N fer- of increased microbial activity close to tree stumps. Sam-
ples taken 5 cm from stumps had a higher inorganic Ntilization rate and soil organic C, but this was due to

cumulative increases in aboveground plant residues at content than those taken 37.5 cm away (Devine et al.,
2002a). Kaur et al. (2000) found increased soil N miner-higher N rates.

The effect of liming on soil total C concentration in alization rates in an agroforestry system compared with
an agricultural system, possibly due to tree litter. Lowerthis study was likely relatively minor since the single

4.5 Mg ha�1 lime application contained a small amount post-fertilization (June and December 1999) inorganic
N at a depth of 0 to 2.5 cm under the SY4C system mayof C (540 kg ha�1) compared with the soil total C pool

(approximately 17 Mg C ha�1 from 0 to 15 cm). How- have been due to immobilization of N during decompo-
sition of shallow sycamore roots. Nitrogen immobiliza-ever, the effect of this added inorganic C on soil total

C concentration would have been greatest at the June tion was not detected in preliminary results from this
study (Devine et al., 2002a).1999 sampling date, �5 wk after lime was applied. Over

time, H2CO3–C from the lime would have been released In June 1999, the significant increases in soil C for
the SY4C system relative to the SBC system were ac-as CO2, decreasing the fraction of lime-C relative to the

soil total C pool. Since there was no decrease in soil companied by significant increases in soil aggregate sta-
bility. The improved aggregate stability may have beentotal C between 1999 and May 2001, it is possible that

a decrease in inorganic C was countered by a concurrent due in part to the decomposing sycamore root residues.
Seventy-six weeks after trees were harvested, the syca-increase in the organic C fraction. Because lime was

applied at a uniform rate to all study plots before the more roots in this study had a C/N ratio of 80:1 (Devine,
unpublished data, 2001). Addition of high-C residuesfirst soil sampling, it was not possible to test the effects

of the lime on soil total C concentration or to measure to soil has been shown to cause increases in fungal
populations and soil aggregate stability (Bossuyt et al.,the interactions between liming and the cropping sys-

tem treatments. 2001; Lalande et al., 1998). In mostly undisturbed soil
environments such as no-tillage systems (or the woodyThe effect of fertilization on soil inorganic N concen-

tration was observed at only one of the four soil sam- crop systems of this study) plant root C plays a much
larger role than surface residue C in the formation ofpling dates due to time of sampling relative to time of

fertilization. In June 1999, only 6 wk after fertilizer stable soil macroaggregates (
250 �m) (Gale et al.,
2000). Since the increases in aggregate stability underapplication, soil inorganic N was strongly affected by

fertilization, even at the lowest rate (73 kg N ha�1). But the sycamore cropping system occurred at deeper sam-
pling depths (2.5–15 cm) and not at the surfaceby December 1999, there was no effect of fertilization

rate on inorganic N. By that point, the fertilizer N had (0–2.5 cm), it is likely that the C from sycamore roots,
rather than that from surface residues, was responsiblebeen removed from the inorganic fraction through plant

uptake or microbial immobilization or was lost from the for the increases.
The rotation length required for a woody biomasssampled profile. Similarly, in May 2001, 52 wk after

the most recent fertilizer application, there were no crop to improve soil structure has not yet been conclu-
sively determined, although this study suggests that itdifferences in inorganic soil N among different fertiliza-

tion rates. Since no post-growing season fertilization may take as little as 4 yr. Mitchell (1997) found that
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